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This invention comprises a novel and useful apparatus 
and method for producing variable high frequency vibra 
tions in a liquid medium and constitutes a continuation-in 
part of the following copending applications: (1) S.N. 
241,647, ?led August 13,‘ 1951, now US. Patent 2,796,129; 
(2) S.N. 296,038, ?led June 27, 1952, now US. Patent 
2,866,509; and (3) S.N. 491,715, originally ?led March 2, 
1955, now abandoned. This application is also related to 
the subject matter set forth in the following copending 
applications: (1) S.N. 431,246, ?led May 20, 1954, now 
U.S. Patent 3,133,591; (2) S.N. 431,388, ?led May 24, 
1954, now abandoned; (3) S.N. 434,299, ?led June 3, 
1954, now U.S. Patent 3,042,115; and (4) S.N. 433,965, 
?led June 2, 1954, now U.S. Patent 3,045,749. 
The primary general object of this invention is to pro 

vide an apparatus and method for producing high fre 
quency vibrations in a liquid medium and one wherein 
the apparatus may be extremely susceptible of adjustment 
in order to control with great accuracy and precision the 
force and also both the amplitude and the frequency of 
the vibrations produced in the medium. 
The primary speci?c object of this invention is to pro 

vide an apparatus and method for treating oil bearing 
formations with ?uid pressure and/or high frequency vi 
brations in order to thereby effect or facilitate the recovery 
of petroleum deposits therefrom. 
A more basic and general object is to provide an ap 

paratus and method for generating high frequency vibra 
tions and producing an energy carrying Wave in a medium, 
and wherein all of the characteristics of such wave can be 
controllably varied and applied to widely diversi?ed uses 
such as to tunneling, drilling, mining of various minerals, 
reductions of ores, pumping, oil well use, various pressing 
applications, extrusion of materials, recrystallization of 
materials to increase strength, ice breaking, structure de 
forming, prestressing or compacting of materials, quarry 
ing, dyeing of ?bers and many other uses. 
A very important object of this invention is to provide 

an apparatus and method speci?cally adapted for use in oil 
and gas wells and effectively treating the same by frac 
turing. acidizing, cementing, cleaning, water and gas ?ood 
ing for the secondary recovery of ?uids from producing 
formations, drilling and for testing operations relative to 
any of the above. 

Another very important object of this invention is to 
provide an apparatus having extreme adjustability as to 
all of its phases of operation whereby to facilitate testing 
as to ranges of pressures, high frequency vibrations, char 
acter of high frequency vibrations and the like for deter 
mining effective treating of oil bearing formations and for 
treatment of other objects. 
An additional object of this invention is to provide a 

means for generating energy carrying waves for treating 
an oil bearing formation and for other uses, and wherein 
the characteristics of said generated waves may be widely 
and controllably varied and whereby said means shall be 
highly compact and mobile in nature. 
A more speci?c object of the invention is to provide a 

variable. stroke pump for generating in a liquid medium 
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2 
energy carrying waves of various predetermined charac 
teristics. 

Another speci?c object is to provide an energy wave 
generator wherein the energy content of the generated 
wave may be increased or decreased by applying or with 
drawing heat from the medium supplied to the wave 
generator. 
A still more speci?c object is to provide an apparatus 

for producing energy carrying waves by means of a vari 
ably reciprocated piston and wherein a pair'of variably 
timed crankshafts are each’ adjustably connected to a 
rocker and slide mechanism driving said piston in order 
to controllably vary thereby the stroke of the latter. 
An additional speci?c object is to provide a reciprocat 

ing piston type of pump, especially adapted for use as a 
generator of an energy carrying wave wherein a more 
perfect and self compensating counterbalancing of the 
pump pistons and the various moving parts thereof is 
obtained. 

Still another specific object is to provide a wave gen 
erating pump having means for storing energy therein 
from the ?uid medium with which the pump is associated. 

Yet another speci?c object is to provide a wave gen 
erating pump assembly having a means for adjustably 
preloading pump and/or counterbalance cylinders with an 
adjustable ?uid pressure. ‘ i 

A further speci?c object is to provide .a reciprocating 
piston pump assembly speci?cally adapted for the genera 
tion of high frequency energy carrying waves in a liquid 
medium and wheren a pump cylinder and piston and a 
counterbalance cylinder and piston are interconnected and 
are each operatively connected with said liquid medium 
whereby to balance out pulsations and vibrations in the 
mechanism. 

Another object is to provide a valve assembly of gen 
eral utility and of use as a liquid discharge valve in a 
generator of energy transmitting waves. 
A further object is to provide a valve assembly together 

with an actuating mechanism therefor capable of effecting 
a variably and adjustably timed operation of the valve 
assembly. 
An additional object is to provide a valve assembly 

wherein the valve is balanced in its action by the pressure 
of the ?uid which it controls whereby to facilitate the 
actuation and to increase the sensitivity of the valve. 

Still another object is to provide an improved packing 
assembly for a valve and one which may be easily ad 
justed to take up wear therein during the operation of 
the valve and without interfering with the latter. 
Yet another object is to provide a valve assembly hav 

ing means for imposing an adjustable preloading force on 
a valve for urging the latter to its seat. 
A still further object is to provide a valve assembly 

having provision for draining therefrom any ?uid leaking 
past the valve packing means. - 
A further important object of this invention is to pro 

vide an apparatus and method whereby directional tun 
nelling in a formation may be effected and controlled 
with accuracy from the bottom of bores sunk into the 
formation. 
Another object of the invention is to provide a means 

and a method whereby a pair of well bores may be placed 
in communication with each other through a formation 
in which they are sunk, by tunnels through the latter, 
originating at the well bores. 
A further object of the invention is-to provide a means 

and method whereby tunnels may be directed laterally 
from the bottom of a well bore in any and all selected 
directions out into a formation for tunnelling, under 
cutting or disrupting the latter, through the employment 
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of hydraulic ?uids under pressure and upon which have 
been imposed high frequency vibrations by an energy 
carrying wave. 
An additional object is to provide an apparatus and 

process whereby directional tunnelling in a formation 
may be effected by a hydraulic force and whereby the 
effectiveness of the hydraulic tunneling may be aug 
mented by the ‘use of high frequency vibrations applied 
to the hydraulic ?uid. 

Still another object is to provide a means and method 
for hydraulic tunnelling and for recovering oil from for 
mations by the use of high frequency vibrations applied 
to the hydraulic ?uid and to the formation ?uids. 
Another important object, in accordance with the three 

immediately preceding objects, is to provide a method 
whereby a pressure medium may be applied to the in 
terior of a porous or cellular formation for hydraulically 
fracturing the same and for maintaining the structure in 
its fractured, elevated and/or distended condition while 
applying wave impulses of predetermined character upon 
the pressure medium for selectively penetrating, wash 
ing and bursting the formation to predetermined extents 
of penetration but preventing leakage of the pressure me 
dium through the formation at predetermined regions. 

Still another important object is to facilitate and render 
more effective the applying of various materials for 
treating a well bore, casing or formation by utilizing 
high frequency vibrations to facilitate the applying of 
such materials. 
A further object is to effectively control, direct and 

cause the ?ow of ?uids in a porous or cellular formation 
by the application of high frequency wave pulsations 
applied through a ?uid pressure medium. 
Another extremely important object in accordance with 

the immediately preceding object is to provide a method 
of disrupting porous or cellular formations by the ap 
plication of high frequency wave pulsations thereto of 
controllable amplitude and/0r pitch through a ?uid 
medium. 
A still further and very important object, in conform 

ity with the immediately preceding object is to accurate 
ly control the extent, direction and limits of ?ow of 
different ?uids in a cellular or porous formation through 
the applying of a system of controlled and determined 
wave pulsations of a character to cause reinforcement 
and interference with each other at predetermined loca 
tions within the formation. 

Yet another object is to provide a method and means 
for destroying the capillary lock or “Jarnin action” and 
the ?ow resistance thereof at its source in a capillary 
formation and thus release the mobile oil and gas globules 
held in the formation thereby and permit this oil to drain 
or be forced to selected well bores for recovery there 
from. 
An additional important object is to provide a method 

of recovering residual oil deposits in oil bearing sands 
in which the ?ooding of oil producing wells by the en 
croachment thereon of water drives will be retarded or 
halted; and wherein this retardation may be generally 
localized as desired by the operator. 
Another object is to utilize a wave pulsation in a ?uid 

medium applied to a porous or cellular formation for 
controlling the ?ow of a ?uid therethrough by utilizing 
the Reynold’s Effect. 

Still another object, in conformity with the preceding 
objects, is to apply and maintain a buffer zone of gases 
between two liquids in a porous or cellular formation; 
and to control the ?ow and the direction of ?ow of one 
liquid by directing the buffer zone through wave pulsa 
tions and pressures of the other liquid. . 
More speci?cally, it is a very important object to 

provide a process whereby the ?ow of ?uids in a per 
meable formation may be controlled through the crea 
tion of capillary blocks in selected regions of the forma 
tion through the use of the “Reynold’s Effect” and/or 
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4 
the “Jamin action,” by applying pulsating wave energy 
to intermingled gas and liquid particles in such forma 
tions; and by introducing complemental ?uids, where 
necessary, into the formation to assist in this aim. 
A primary and fundamental object of this invention 

is to provide a method and means for producing wave 
pulsations having predetermined vibrational character 
istics in a wave transmitting medium. 
A primary and fundamental object of this invention is 

to provide a method and means for producing Wave 
pulsations having predetermined vibrational characteris 
tics in a wave transmitting medium and which shall be 
the resultant of a plurality of separately produced waves 
each being controllably varied as to its characteristics. 
A primary and fundamental object of this invention 

is to provide a method and means for producing wave 
pulsations having predetermined vibrational characteris 
tics in a wave transmitting medium and wherein the wave 
may have portions thereof subjected to a phase displace 
ment whereby to produce a cavitational effect or a 
leading or lagging of the phase thereof. 
A primary and fundamental object of this invention 

is to provide a method and means for producing wave 
pulsations having predetermined vibrational characteris 
tics in a wave transmitting medium, and to apply such 
wave pulsations to a petroliferous formation for the 
recovery of oil and gases therefrom. 
A further primary object is to provide an apparatus 

and method whereby pump pistons and pump discharge 
valves may be independently variably timed and con 
trolled in their operation whereby to produce each an 
energy transmitting wave in a ?uid medium. 

These together with other objects and advantages 
which will become subsequently apparent reside in the 
details of construction and operation as more fully here 
inafter described and claimed, reference being had to 
the accompanying drawings forming a part hereof, where 
in like numerals refer to like parts throughout, and in 
which: 
FIGURE 1 is a vertical sectional view, somewhat dia 

grammatic and with parts broken away, of a second 
form of apparatus, which is speci?cally adapted for hy 
draulic tunnelling and the generation of high frequency 
energy carrying waves; 
FIGURE 2 is a diagrammatic view in vertical section 

through a portion of an oil ?eld formation, showing the 
preliminary stages in the operation of tunnelling; 
FIGURE 3 is a diagrammatic top plan view of a por 

tion of an oil ?eld illustrating the simultaneous tun 
nelling and strata disruption between a plurality of wells; 
FIGURES 4-7 are sequential diagrammatic views, 

parts broken away, and illustrating in vertical section 
the methods of this invention as directed to multiple frac 
turing of formations; 
FIGURES 8-14 are diagrammatic views illustrating 

graphically methods of compounding wave pulsations of 
varying frequencies to obtain a resultant wave pulsation 
with predetermined pressure and frequency character 
istics. 
FIGURES 1—3 constitute subject matter disclosed in 

my prior copending application, Serial No. 241,647, now 
US. Patent 2,796,129, as FIGURES 9, 4 and 5 therein, 
respectively. The subject matter set forth hereinafter 
in this section includes the subject matter illustrated in 
FIGURES 4, 5 and 9 of my copending application, to 
gether with the description relative thereto, and also 
includes advancements and improvements thereover. 

Referring ?rst to FIGURE 1 for an explanation and 
understanding of a preferred manner of establishing tun 
nels between predetermined well bores, it will be seen 
that a pair of casings 1050 and 1052 in adjacent well 
bores, either existing or provided for the purposes of 
this invention, extend into an oil sand strata 1054, 
which lies above a bed rock strata 1056 and a superin 
cumbent cap rock strata 1058. In accordance with one 
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method of this invention it is proposed to establish tun 
nels between these two well ‘bores by the use of a hy 
draulic ?uid upon which are imposed high frequency 
vibrations. 
As illustrated, from the bottom of one or both of 

the casings 1050 and 1052 there are laterally directed 
the nozzle portions 1060 of the hydraulic tunnelling de 
vices by means of which hydraulic ?uid is directed to 
wards the opposite well casing to which it is desired to 
extend the tunnel. Optionally, both nozzles may be op 
erated simultaneously in order to drive two tunnel sec 
tions toward a junction with each other although alter 
natively, one nozzle alone can be employed to drive the 
entire tunnel to the other well bore. 
Although as illustrated the method and means are em 

ployed to produce a tunnel ‘between two well bores, it 
is obvious that tunnels may be laterally projected front 
a single well bore in any desired direction, in accord 
ance with the position or positionings of the nozzle 
1060. 

Referring now to FIGURE 1 there is disclosed a form 
of apparatus which is especially suitable for this tun 
nelling operation. Disposed within the casings 1050 
and/or 1052 is a tubing 11062 which, at its lower end, 
has a curved laterally extending terminal portion 1064 
terminating at the side of the casing and being posi 
tioned and directed in opposed relation to the face of 
the oil sand strata and in substantial alignment with 
the other well casing to which the tunnel is to be estab 
lished. Slidable within the tubing at its terminal por 
tion is a flexible conduit 1066 having upon its lower 
end the above mentioned nozzle portion .1060. A cable 
1068, or other suitable means, operating in the desired 
manner, provides means whereby the flexible conduit may 
be moved downwardly in the tubing and extended lat 
erally from the terminal portion thereof to thus feed 
the nozzle into the strata being tunneled as the tunnel 
is being formed and progresses toward the other well 
bore, and to maintain the discharge end of the nozzle 
in contact with the formation to be penetrated. 

In the well bores, at the lower ends of each of the 
casings 1050 and 1052, there is provided an arcuate 
guard or shield 1070 which is substantially concentric 
with the lower portion of the curved terminal 1064 of 
the tubing and which directs the return ?ow of the pres 
sure medium into and up the casing as indicated by the 
arrows in FIGURE 1. 

In contrast with the usual manner of merely supplying 
a ?uid medium under pressure through the nozzle 1060 
and attempting to increase the pressure thereof until the 
same, by sheer force, penetrates the oil sand strata and 
reaches the other well bore, or establishes a junction with 
the other tunnel section being started from the well bore, 
the present invention in general consists in rendering 
the pressure of the ?uid medium more effective to pene 
trate the strata by causing successive .pressure ?uctua 
tions of the pressure medium at the face of the strata 

' and within the interstices thereof. 
These ?uctuations subject the face of the strata and 

the face of the material within the interstices of the 
strata to pressures which are alternately greater and 
less than the pressure within the strata. When the pres 
sure of the pressure medium exceeds that within the 
strata, the latter will be augmented or raised, especially 
in that portion nearer the face of the strata. When a 
converse condition exists, the internal pressure within 
the strata will forcefully burst or explode the face of 
the strata outwardly, disrupting the same. 

This disrupting of the capillary formation of the strata 
is greatly augmented and hastened by increasing the ex 
tremes between the high and low pressures applied to 
the strata; by increasing the surging of the pressure me 
dium within the pores of or against the strata by im 
parting high frequency vibrations to the pressure me 
dium; and by increasing the eroding action of the me 
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diu-m within the pores of the strata by the preceding 
processes. 

In initiating the tunnelling operation, the ?uid medium 
is supplied under pressure from any suitable source by 
the conduit 1072 into the tubing 1062 and discharged 
from the nozzle portion 1060 against the face of the 
oil sand strata as illustrated. This pressure medium will 
cut into and form a tunnel or channel in the oil sand 
strata, the material removed by the ?uid medium being 
educated as indicated by the arrows in FIGURE 1, up 
wardly in the casing 1050 and discharged from a con 
duit 1074 under the control of a valve 1076 through a 
control or operating member such as a cam 10-78. 

Obviously, if desired, the out?owing pressure ?uid from 
the conduit 1074 may be returned to the conduit 1072 to 
cause a recirculation of the same during the tunnelling 
operation. 
As ‘so far described, this circulation of the pressure 

medium will, in conformity with known procedures, cause 
some disruption of the strata. Regulation of the pressure 
in the conduit 1072 or of the valve 1076 or both will 
maintain any desired mean pressure upon the pressure 
medium. However, in addition to the circulation of the 
fluid medium under Waves of various pressures, it is in 
tended to render the excavating, penetrative and disrup 
tive action of the same more effective as well as more 
accurately directed and controlled by applying pulsations 
to the ?uid medium and by imposing high frequency vibra 
tions thereon, the character of the pulsations and the 
vibrations being varied and controlled. 
The casing 1050 is provided with an impulse producing 

means in the form of a piston 1080 reciprocable in a 
conduit 1082 under the control of an actuating cam 1084 
or similar member, while the tubing 1062 is provided 
with an impulse producing piston 1086 reciprocable in 
a conduit 1088 under the control of a cam or other actu 
ating means 1090. There is further provided a pressure 
release valve 1092 operable in a conduit 1094 under the 
control of an actuating member such as a cam 1096. 
By periodic and/or adjustable manipulation of the 

pistons 1086 or 1080, a pulsation or wave motion may 
be transmitted through the pressure medium which func 
tions as an elastic or closed hydraulic column. The rigid 
column of the pressure medium will transmit the impulses 
or energy shocks, without substantial loss, to the strata. 
There, the pressure impulses pass from the denser trans 
mitting medium to a more elastic resilient medium consist 
ing of the oil particles and gas bubbles at the oil face of 
the strata, and produce a turbulent Washing of the latter 
into the formation. With the change of medium, the im 
pulses are converted to ‘vibrations whose pressure peaks 
have a much greater amplitude and this facilitates the 
above mentioned washing and penetrating action and 
fracturing and disintegration of the formation. 
By using both pistons 1086 and 1080, separate pulsa 

tions, each in a predetermined pattern or character may 
be separately produced and imposed upon the pressure 
medium within the tubing and casing, respectively, to 
produce a resultant vibration or wave. It should be noted 
that these two separate pulsations may be varied as to 
intensity, character and phase so as to reinforce, cancel 
or modify each other so that the resultant pulsation may 
have much greater extremes between its high and low 
pressure, may have portions cancelled out by interference 
and otherwise altered as desired. Moreover, the speed 
of travel of the wave pulsations of piston 1086 to the 
nozzle and sand face is different from that of piston 1080, 
since in the ?rst instance the velocity of the medium is 
added thereto while in the latter it is subtracted there 
from. This difference is utilized to properly time and 
synchronize the peaks and lows of the two waves to ob 
tain a resultant wave having the desired predetermined 
peaks and valleys. 

In applying this method of tunnelling, it is intended 
that the ?uid applied to the sand strata from the casing 
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1050 shall preferably exceed in pressure the pressure exist 
ing within the capillary formation of the oil sand strata. 
Consequently, the ?uid will tend to be driven outwardly 
from the nozzle into this capillary formation, assisted by 
the pulsations ‘and vibrations imposed upon the ?uid, and 
toward the adjacent well casings. At the same time, pulsa 
tions of a similar character will be produced in the ?uid 
being applied to the nozzle and the ‘adjacent casing 1052. 
The pulsations from the driving casing 1050, if opposite 
in phase to that of the “pulling” casing 1052 will guide 
and augment the penetrative effect, since the oil sand 
strata therebetween will be subjected to ‘a high pressure 
adjacent the casing 1050 at the same time that a greatly 
reduced pressure prevails at the casing 1052. This con 
dition may be maintained for any desired length of time, 
this length of time being varied during the treating of the 
formation, and is found to be most effective for penetrat 
ing the oil sand strata, but will be periodically reversed, 
whereby the casing 1052 becomes the driving casing and 
the casing 1050 becomes the pulling casing for the opera 
tion. It will be evident that this cycle of reversing the 
pushing and pulling effect upon the opposite ends of the 
sand strata between the two casings will tend to extend 
the tunnel sections toward each ‘other under the pressure 
impulses and high pressure conditions prevailing at their 
nozzles, and the low pressure region created at one well 
will pull or guide the ?ow of pressure ?uid from the 
high pressure region of the other well casing toward the 
low pressure region. 
The effectiveness of this driving and guiding action upon 

the pressure ?uid of the tunnelling operation will be great 
ly augmented by the imposing of high frequency vibra 
tions thereon of predetermined character. The above 
mentioned pistons will obviously be capable of variation 
in the extent and rate of their travel, to enable the attain 
ing of any desired rate and amplitude of pulsations within 
the ?uid medium. As will be understood, the form of 
apparatus set forth in the ‘preceding sections of this ap— 
plication may also be effectively applied for this purpose. 

The opening and subsequent sudden closing of the pres 
sure medium discharge valves 1076 and 1092 with pre 
determined timing and adjustable rates of movement will 
set up, by a ram action, a hammering effect in the ?uid 
columns of the tubing and of the casings. As is well 
known, this hammering effect is capable of producing 
relatively enormous and rapid pressure oscillations in 
the ?uid column which will be transmitted and directed 
by the nozzle portions 1060. These oscillations will be 
imposed upon the above mentioned fluctuations and vibra 
tions, and may be united and combined to augment the 
pressure peaks or drops to further increase their differ 
ences. By using the appropriate combinations of one or 
both of the pistons and valves, an in?nite variety of result 
ant frequencies of pulsations or vibrations are possible. 
As will be readily understood, the paths of travel of the 
?uid medium will be relatively wide adjacent the well 
casings from which they originate, and will tend to thin 
out or narrow intermediate the ‘well casings, due to the 
guiding and pulling effect of the reduced pressure areas 
upon the high pressure medium ?owing from the other 
well casing. This path of travel is indicated in dotted 
lines in FIGURE 3 for a series of well casings in which 
a central casing is considered to be acting as a driving 
casing for forming tunnels to the four adjacent receiv 
ing casings 1052. It is contemplated, however, that each 
well casing in turn will function alternately as driving and 
receiving stations for each of the adjacent well casings, 
thereby permitting the establishment of tunnels simultane 
ously between a plurality of adjacent well bores. 

In the arrangement of FIGURE 3, it is intended that 
any desired system of control may be utilized to effect 
the above .mentioned alternating ‘operation of the driving 
and pulling force applied to the ?uid medium, this fea 
ture of the invention being readily adaptable to a large 
number of arrangements. 

10 

15 

20 

25 

35 

60 

65 

70 

75 

8 
In accordance with the above described operation, as 

suggested in FIGURE 3, it will be readily seen that a 
plurality of nozzles 1060 may be utilized in one or more 
of the casings in order to simultaneously tunnel toward a 
plurality of adjacent casings. Since, however, this ap 
plication of the principles of this invention involves mere 
ly a duplication of equipment, and constitutes no change 
in the fundamental principle ‘and intent of the invention, 
further illustration and explanation is deemed to be un— 
necessary. 
As hereinbefore described, it is believed apparent that 

it is entirely feasible to establish and create by the above 
mentioned hydraulic mechanism and operation any de 
sired tunnels between selected well bores or from any 
well bore out into the formation. 'However, this hy 
draulic operation may be utilized either in conjunction 
with the mechanical cutting device previously set forth in 
prior co-pending application S.N. 24l,647, now US. 
Patent 2,796,129, or alone and by itself as a cutting agent 
for ‘undercutting, channelling, penetrating and disrupting 
the oil strata. In considering the function of the hy 
draulic operation, the particular nature of the capillary 
formation of the oil strata should be particularly con 
sidered. 
The period of high pressure of the ?uid upon the face 

of the strata may be maintained for any desired period 
of time as dictated by experience to permit this increase 
of the pressure within the pores of the formation, at least 
in those pores contiguous to the face of the formation. 
It is contemplated that when the hydraulic operation is 
first started, the high pressure may be sustained for sev 
eral hours if necessary, while the vibrations and oscilla 
tions are being applied. However, as the strata forma 
tion is being attacked and penetrated and the oil and gas 
deposits thereof are loosened, the duration of the high 
pressure necessary to penetrate will decrease with inter 
vals of as low as a few minutes being sufficient. 

Obviously, this process will result in increasing the di 
ameter of the passages or tunnels produced by the tun 
nelling device and this process will be continued and can 
be continued as long as necessary to attain tunnels of any 
desired diameter. 

Still further, however, if this tunnelling, by pulsations 
and vibrations is continued su?iciently, it is evident that 
the entire sand formation may be undercut and collapsed 
or disrupted, thus effectively breaking the capillary lock 
and permitting the recovery of the oil deposits therein. 
By virtue of the pulsating and high frequency vibration 

of the pressure medium, it is evident that a surging and 
washing action of the gases and oil between the 
sand particles is effected which will emciently strip both 
the mobile and the immobile oil particles therefrom, ren 
dering still more eflicient the oil recovering from the 
strata. 

Moreover, I may in some instances introduce into the 
pressure medium and present at the oil and gas front 
in the strata inert gases such as carbon dioxide and ?uids 
which will liquefy or dissolve under the peak pressures of 
the pressure medium whereby they will be carried into 
the pores of the strata formation; and will vaporize or 
come out of the solution when the pressure is reduced, 
to thereby assist in bursting and tearing the strata forma 
tion. 
When the above described hydraulic operation is uti 

lized, the internal pressure of the formation either the 
formation pressure or that pressure augmented and raised 
as set forth hereinbefore, will cause the same to readily 
burst outward under this internal pressure. This will 
result in an out?ow of oil, water and gas from the strata 
into the disrupted area thereby producing a continuous 
yield of oil during this operation; and effecting a cleansing 
or scavenging of the disrupted area by the out?ow of 
material therefrom. 

In some instances, I may apply ?uid pressure into the 
formation in advance of the tunnelling or disrupting op 
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erations. This applied pressure will raise the internal 
pressure of the formation and cause a driving of the oil 
‘and gas deposits thereof toward the lower pressure of the 
weakened or tunnelled area. Prior patent of C. E. Riestle, 
In, Patent No. 2,547,778, issued April 3, 1951, is a 
method for increasing the yield of oil from oil bearing 
strata formations, wherein a portion of the strata is ex 
panded, lifted and fractured generally along horizontal 
planes of cleavage, by applying hydraulic pressures 
through a well bore upwardly against an ‘undercut portion 
of the strata, and thus vertically raising the surrounding 
area of the strata. 
The present invention contemplates an improvement of 

the method of the above patent by not only hydraulically 
lifting and fracturing the strata, but simultaneously there 
with more completely and readily establishing an enlarge 
ment of the generally annular drainage basin about a 
well bore by disrupting the internal structure of the sand 
strata to increase the volume of the basin; and will en 
able the limits of the basin to be enlarged along pre 
determined desirable directional lines of travel. 

In addition, the actual process of enlarging the collect 
ing basin is accompanied by a more effective and simul 
taneous withdrawing and stripping of the oil deposits 
from the oil sands by use of the foregoing hydraulic 
wave and vibrational effects to enable their collection in 
the basin. Still further, this invention contemplates main 
taining a minimum pressure in the basin during the above 
mentioned pulsations and vibrations to hold the same ex 
panded while gravel or sand is applied thereto to ?ll this 
space and vassist in holding the raised strata in its elevated 
position, thereby facilitating drainage of the oil. 

Moreover, by virtue of the hereinafter described Iamin 
effect of the high frequency vibrations imposed on the 
pressure medium having gases therein, it may be possible 
in some instances to use the latter to elevate the forma 
tion without the necessity for adding a separate sealing 
means to the capillary formation to limit leakage of the 
pressure fluid therefrom, while selectively allowing pene 
tration of the formation by the pressure medium. 
A further essential difference between the operation of 

the process of the above mentioned Riestle patent and my 
improved process resides in the great degree of increase 
in the safety encountered in my process in contrast with 
that of the patentee. In the patentee’s invention, a cer 
tain minimum pressure is necessary to cause the desired 
elevation of the strata and to maintain the same in ele 
vated condition; and upon this minimum pressure is ap 
plied further augmented pressures in order to continue 
penetration of the strata from the well bore. Consequent 
ly, there is a standing pressure which has a minimum 
value equal to that necessary to elevate and maintain the 
strata in elevated position, and ‘which rises therefrom to 
much higher values which are necessary to cause penetra 
tion and disruption of the formation. In contrast to this, 
in this phase of my method, the maximum standing pres 
sure is equal to the minimum standing pressure of Riestle, 
being that pressure necessary to elevate the strata and 
maintain the same in raised position, while the disrupting 
and penetrative operation is effected by temporary in 
creases in pressure in the form of wave pulsations in 
the relatively low pressure hydraulic elevating and sup 
porting medium. This means that the standing pressure 
imposed upon the formation in my invention is main— 
tained at a relatively low value with a consequent maxi 
mum degree of safety as regards possible damage to the 
apparatus, equipment and formation. 
The overloads or increases in pressure from this mini 

mum standing pressure in my invention is extremely tran 
sitory in its nature, and while effective for the purposes of 
disrupting the strata, and recovery and reclaiming of the 
oil therefrom. 

In the hereinbefore set forth method, it is possible to 
introduce sand or gravel into the formation during and 
without interrupting the hydraulic operation. This may 
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be conveniently effected by the apparatus of FIGURE 1, 
wherein a conduit 1%98 communicates with the interior of 
the tubing 1862. A hop, er 11% having means for ?ll 
ing the same, such as a removable cover 1162 discharges 
sand or gravel into the conduit under the control of the 
valve liii-l. 
The turbulence, vibration and velocity of the ?uid 

pressure medium in ‘and from the tubing N62, conduit 
10s.; and nozzle 1959 will convey the sand or gravel in 
to the openings of the ‘formation and tend to deposit it at 
the desired locations. In addition, I may introduce an 
inert gas into the ‘water to assist in conveying the sand 
and gravel and directing its travel. 

Attention is next directed to FIGURES -/l—7 which are 
directed to the subject matter of multiple fracturing of 
a formation and correspond to and amplify the subject 
matter and disclosure of my above mentioned prior co 
pending application SN. 241,647, ?led Augst 13, 1951, 
and particularly to FIGURES 6—8 therein. 

In these ?gures there is shown a portion of the petro 
leum formation including the previously mentioned oil 
sand strata 1954 bounded by the bed rock H956 and cap 
rock 1058 with a well bore M59 disposed therein. 

In these ?gures it will be noted that the well bore 1656, 
either cased or uncased, is disposed with its lower end 
closely adjacent to the bed rock underlying the oil sands 
1e54, and that a tubing string 1189 is introduced into the 
bore and extends downwardly therethrough, the tubing 
string terminating at its lower end in an outwardly ?aring 
nozzle 1182 with a ba?le plate 1184 which is also out 
warly ?aring and is disposed in lower spaced relation to 
the nozzle 1182. 
The purpose of this construction is to insure and effect 

uniform and complete fracturing of the oil sand strata by 
successive fractures at vertically spaced regions through 
out the same. In conventional fracturing methods, the 
initial fracturing of a strata usually causes such escaping 
of the fracturing medium that successive fracturing oper~ 
ations are impractical if not impossible owing to the es 
cape of the fracturing ?uid through the previous fracture 
of the formation. 

In the ?rst step of this method, as shown in FIGURE 4, 
the tubing 118% with its nozzle 1132 and baffle plate 1184 
is disposed adjacent the bottom of the strata and hydraulic 
fluid for fracturing or tunneling is forced downwardly 
through the tubing, is deflected by the baffle plate out~ 
wardly about the lower end of the well bore and into the 
undercut portion thereof, and is then passed upwardly 
through the well casing as shown. 
As shown in FIGURE 4, a ?rst chamber 1186 has been 

enlarged or produced in the formation by tunneling and/ 
or fracturing to provide a basin by the hereinbefore and 
hereinafter mentioned hydraulic and sonic wave exca-_ 
vating method, by the flow of hydraulic fluid in the di— 
rection indicated by the arrows in FIGURE 4. The by 
draulic ?uid is forced downwardly through the tubing 
118i), is deflected by the baffle plate 1384 outwardly about 
the lower end of the well bore and into the ?rst cham~ 
ber 1186, and is then passed upwardly through the well 
bore or casing as shown. 
When this ?rst chamber, or the undercut portion of the 

strata has reached the desired dimensions, the tubing 
string 1180 will be elevated to a desired position adjacent 
the upper end or upper portion of the chamber 1186 as 
enlarged, or into the position shown in FIGURE 5, and a 
mass of cement or other sealer is then deposited through 
the tubing 11% to substantially fill the chamber 1163 up 
to and about the lower end of the well bore and sealing 
the lower end of the same as well as the surrounding 
capillaries of the formation. If desired, a ?lling or base 
of lead wool or other formation sealing materials may be 
deposited upon the floor of the chamber prior to the in 
troduction of cement thereinto. 

During the cementing operation, the above mentioned 
pulsations and vibrations applied to the fracturing ?uid 
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and/or the cement may be employed to more completely 
impregnate the formation with cement or sealing material. 
After the cement has hardened, the ?ow of hardened ?uid 
may be resumed and a second chamber 1188 may be in 
turn evacuated. Thereupon, the tubing string may be 
again raised as shown in FIGURE 6, and a third chamber 
119% excavated. 

This operation will be continued until as shown in FIG 
URE 7, the entire oil bearing strata has been fractured 
at vertically spaced levels therethrough and then sealed 
from the well bore. As will be apparent from FIGURE 
7, each of the series of chambers is in turn ?lled with 
cement to provide a ?lling plug for the strata. This 
method is especially effective where it is desired to thor 
oughly and at successive vertical intervals fracture or 
penetrate the entire or any desired portion of the face of 
a strata and to overcome the previously mentioned di?i 
culty arising from the loss of the fracturing ?uid into the 
strata after the initial fracturing operation therein has been 
effected. 

After the completion of the operation shown in FIG 
URE 7, the well bore may be drilled through the cement 
plug thus formed in the strata in order to continue the well 
‘below the same if desired; or similar fracturing operations 
may be performed at other strata through which the well 
bore passes; or fracturing methods of any desired char 
acter may be employed for such strata, or any other well 
treating operation may be enacted as desired. 

High frequency waves may be applied to either the 
?uid supplied into the tubing string 1180 or that ?owing 
from the top of the well bore 11350 or both. 
At this point it should also be noted that the delivery 

of hydraulic ?uid through the tubing of FIGURE 7 at the 
lower end of the casing and above the topmost surface of 
the cement plug may be continued, and this ?uid will be 
forced to penetrate outwardly into the strata in planes 
above the undercut portion of the strata. The cement 
?lling thus prevents the direct passage of the hydraulic 
?uid into the excavated face of the strata and compels 
its introduction into strata above the weakened face and 
above the undercut portion. The pressures and impulses 
applied to this ?uid will then serve to drive oil outwardly 
through the strata and press the same downwardly upon 
the undercut portion, or portions, thereby splitting and 
breaking off the strata. 

This fracturing of the strata and collapsing of the same 
in conjunction with the above mentioned high frequency 
vibrations and surges of the ?uid in the strata formation 
will thus assist in dislodging or causing collapse of the 
entire undercut strata and will further facilitate the re 
covery of oil therefrom. As will be evident from the 
foregoing, this method of operation may be similarly ap 
plied to other conventional squeeze cementing methods 
and to fracturing methods such as that of Riestle'. 

This section of this speci?cation contains the subject 
matter disclosed in my prior copending application, Serial 
No. 241,647, in FIGURES 15-18 and described therein, 
together with additions and a more detailed disclosure 
pertaining to the subject matter which has resulted from 
actual operation and use of this subject matter in ?eld 
tests and experimentation. 

While I may make use of wave pulsations to transmit 
energy to and into an oil sand strata for promoting the 
recovery of oil therefrom, this invention further includes 
novel methods of transmitting energy by wave pulsations 
which are applicable in widely diverse ?elds of utility. 
Certain features of this invention, therefore, deal gener 
ally with the production of the wave pulsation or high 
frequency vibration of predetermined characteristics and 
with improved methods for obtaining, with precision and 
certainty, a resultant wave having the desired character 
istics. Toward this end, I may generate two or more 
individual wave pulsations in a medium, combining the 
same in various selected manners as set forth hereinafter 
in order to obtain a resultant wave of the desired char 
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acteristic. In addition, however, I further control the 
character of the primary wave pulsations, the character 
istics of the resultant wave pulsations, and the time and 
manner of combining the primary wave pulsations by also 
varying the elasticity of the conducting medium or 
mediums and/ or the speed of travel of the wave or waves 
through the medium or mediums, and even utilize differ 
ent wave transmitting mediums to further the foregoing. 

For a better understanding of this broad phase of my 
processes, attention is directed more speci?cally to FIG 
URE 1 in conjunction with the diagrammatic charts of 
FIGURES 8-14. Referring ?rst in the accompanying 
chart to FIGURES 8 and 9, it will be understood that 
the intervals upon the horizontal axis represent time 
intervals while those upon the vertical axis represent 
pressure increments. Indicated at 1380 is a curve repre 
senting a primary pressure wave or impulse having at 
predetermined intervals pressure drops 1382 therein. In 
FIGURE 8 the primary pressure wave 1380 has a single 
pressure drop or pressure reduction at 1382, which may 
be repeated at a regular and selected time interval in 
accordance with conditions and practice effecting the use 
of the generated wave. 
Where these waves are to be applied to treating oil 

sands, the pressure of the primary wave 1380 may be 
considered to be that pressure imposed upon a sand 
formation by a water or other pressure drive for repres 
suring the interior of the sand strata above its original 
standing pressure, or to act as a transducer from the 
wave generator to the formation, while the pressure 
reduction at 1382 would then represent a rarefaction or 
reduction of pressure at the face of the strata whereby 
the external pressure or the pressure of the drive imposed 
upon the strata has been temporarily lowered below the 
then existing pressure within the strata to permit the 
latter to disrupt the strata by bursting outwardly of the 
same. In such a use, it is obvious that the frequency of 
the depression periods 1382 will be determined by the 
rate at which the pressure of the primary wave 1380 
is capable of penetrating and repressuring the interior 
of the strata. 
For the more general purpose of this invention it will 

be seen that the curve 138% thus represents a basic or 
primary pressure having predetermined intervals of re 
duced pressure at 1382. Any of the piston or pressure 
producing members of the embodiment of FIGURE 1 
or even a separate apparatus may be utilized to produce 
this primary wave. 

In the modi?cation of this basic pressure curve as 
shown in FIGURE 9, the pressure of the wave is de 
pressed to provide a ?rst depression 1382, which may be 
extended for any desired length of time, and which may 
be further depressed by a second or by a series of succes 
slve depressions 1382 appearing at the right of FIGURE 
9. It is obvious that any desired combination of these 
successive depressions and in any desired pattern may 
be applied to the primary or basic pressure wave repre 
sented by the curve 1380. 
When this latter arrangement of FIGURE 9 is applied 

to the treatment of oil sands, it will be observed that the 
pressure of the primary or basic pressure wave 1380 may 
be maintained for any desired length of time to repressure 
the formation; may then be reduced for a period of 
time to a pressure 1382 to permit a bursting or disruptive 
effect and may then thereafter subsequently be reduced 
still further to produce an additional or augmented burst 
ing effect. 

It is evident that the basic pressure wave 1380 may be 
generated in a medium of any desired character by 
various means and mechanisms, such as any of those 
previously set forth in this application or in my prior 
copending application, Serial No. 296,038, now US. 
_Patent_ 2,866,509. Where the wave is to be propagated 
in a liquid medium, the forms of apparatus disclosed in 
this apphcation will be found to be satisfactory. By way 
of example, in the apparatus of FIGURE 1, the constant 



3,302,720 
13 

input of pressure ?uid through the conduit 1072 together 
with the continuous but restricted ?ow of the ?uid past 
the valve 1076 will enable the maintaining of any desired 
pressure upon the curve 1380, and this pressure may be 
reduced in any desired way, as for example, by reducing 
or throttling the input through the conduit 1072; open 
ing wider the valve 1076; or opening auxiliary valves to 
relieve the pressure, such as the valve N92 or other 
ancillary valves, not shown. 

In applying the apparatus of FIGURE 1 and the energ 
wave diagrammed in FIGURE 8 to treating a sand forma 
tion, it is contemplated that the basic pressure will be 
maintained for indeterminate periods of time as found 
to be necessary; will then be reduced in any of the fore 
going manners for a period of time as found desirable; 
may then be restored as in FIGURE 8, or be further 
reduced as in FIGURE 9, and this process continued. 
These variations will generally be of an irregular or 
non-rhythmic character, since usually the resistance of 
a sand formation will progressively decrease as the period 
of treatment continues. However, these variations or 
pulsations, it should be clearly understood, may be caused 
to occur at any desired interval or frequency. 
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In addition to the basic or primary pressure wave 1380 _ 
I combine therewith and impose thereon one or more 
independently generated and controlled secondary pres 
sure waves or pulsations. For simplicity of illustration, 
I have diagrammatically indicated the generation of one 
such secondary wave, although obviously any desired 
number of secondary waves may be generated and utilized 
as desired. This secondary wave is indicated in FIG 
URES 8 and 9 as a dash-line 1384. 
Such a secondary wave pulsation will be produced by 

one of the pistons 1&86 or 1080 of FIGURE 1, or one 
of the pistons of the pump cylinders 100 of the ?rst 
described apparatus herein, and as explained hereinbe 
fore, the piston or pistons may be accurately controlled 
as to the length of stroke, time of stroke, and speed of 
travel so as to impart the desired characteristics to this 
pressure wave. Owing to the elasticity of the transmitting 
?uid medium, this secondary wave will travel through 
the medium and will have a directional effect from the 
nozzle 1060. 

It is evident that by properly varying the operation 
of the piston or pistons, the secondary wave or waves 
1384 thus produced may be combined with the primary 
pressure wave 1381} to produce a resultant wave having 
different characteristics from either. As shown in FIG 
URE 8, the secondary wave 1384, if it were generated 
in a medium without the accompaniment of the primary 
wave 1380 would have the characteristics graphically indi 
cated for the wave 1384 as the same extends straight 
horizontally across FIGURE 8. However, when the 
wave 13-84 is generated in a pressure medium in which 
the wave 13% has been impressed, the variations 1382 
of the wave 138% will combine with the wave 1384 to 
produce resultant pressure variations designated at 1386. 
The primary effect of combining these two waves, in 

the manner indicated in FIGURE 8 will be to provide a 
pulsating peak for the Wave 1330 in conjunction with a 
variably pulsating peak for the depression 1382. This 
latter peak or peaks will be less than the original pressure 
1380 and more than the depression 1382 but will ?uctuate 
therebetween. 

This ?uctuating effect will be found to ‘be particularly 
ei?cacious for producing the above mentioned fracturing 
or rupturing of capillary formations; causing washing and 
eroding of the same; and for agitating the material within 
such formations and breaking the inherence of oil and 
gas particles to the grains of the formation within the 
interstices thereof. 

At this point, it should be observed that the graphs 
show only a second Wave 1384 generated by one of the 
pistons. Obviously, ‘both pistons may be employed simul 
taneously and may be so timed as to 'be in step with 
each other so as to produce an augmented pressure wave 
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of the same frequency but of a much greater amplitude 
than that of the wave 138!) as shown. _ 

It is further evident that the two pistons of elther 
‘embodiment of apparatus disclosed herein may be out 
of step with each other to thus produce waves which 
will selectively interfere with each other to thereby pro 
duce speeds, reinforcements, or even neutralization and 
cancellation of the wave impulses. Where ‘a complete 
cancellation occurs, the energy of the impulses will, of 
course, be converted to a mere increase in pressure and/or 
heat in that area which may ‘be utilized in oil recovery 
processes as set forth hereinbefore for the purposes 
speci?ed. 

I desire it to be noted, however, that in the apparatus 
as disclosed, the pressure medium is traveling downwardly 
in the tubing 1062 but upwardly in the casing 1050. Con 
sequently, the waves impressed thereon by the pistons will 
have different velocities of propagation with respect to 
the nozzle 1060, since in one instance, the wave velocity 
is traveling in the same direction as the travel of the ?uid 
medium and therefore will be augmented ‘by the velocity 
of the medium, while on the other instance, the wave 
travels against the direction of movement of the medium 
and will have its velocity diminished by the velocity of 
the medium. The two waves therefore require diiferent 
lengths of time to arrive at the nozzle, and by virtue of 
this difference in the speed of travel to the nozzle, I am 
enabled to some extent to determine the phase in their 
cycle of. vibration at which they are combined with each 
other, beyond the nozzle, and imposed upon the medium. 
A still further function of the pistons, however, pro 

ducing these secondary waves is that the movement of 
the pistons will tend to actually vary the pressure upon 
the transmitting medium and thereby alter its character 
istic of elasticity adjacent the wave generator. 

This pressure variation in turn can be employed to 
vary the intensity of the wave produced at the generator. 
It is my intention to make use of any and all of the above 
mentioned variables in order to properly time and synchro 
nize a secondary wave with the other secondary waves 
and/or with the primary wave 1380 to obtain the desired 
resultant Wave therefrom. 

Also indicated in FIGURES 8 and 9 by the numeral 
1388, in long and short dash lines, or high frequency 
oscillations forming a third or tertiary wave which may 
be simultaneously applied to the transmitting medium. 
This tertiary wave, in the forms of apparatus disclosed 
in this application, is generated by the ram or hammer 
effect produced as by closing the valves 1876 and/or 
1092 of FIGURE 1. In order to generate this wave, I 
open either of these valves or ‘both for the necessary 
length of time to start the ?ow of the pressure medium 
past these valves. Then, upon closing these valves at a 
controlled rate, which will preferably be a substantially 
instantaneous closure, I suddenly stop the travel of the 
?uid column. The inertia or ram effect of the same, 
which will be relatively enormous for such operations as 
the hydraulic treatment of oil strata and the like, will 
produce an enormous pressure surge in the medium 
beginning at the valve and head of the casing, traveling 
downwardly through the ?uid column to the face of the 
sand strata, then returning to the head of the casing and 
eventually dying out after oscillating through the fluid 
medium. 
The amplitude and strength of this hammer impact 

can be readily varied by controlling‘the speed of ?ow 
of the ?uid allowed to escape past either or both of these 
valves. Obviously, the maximum effect will ‘be obtained 
when the maximum ?ow ‘has been achieved in the ?uid 
column passing through the valves, prior to the instan 
taneous closing of the valves. 

In addition, the initiation of these hammer impulses, 
can be readily timed and synchronized with any phase 
of the primary wave 1380 or secondary wave 1384 or 
resultant thereof. 

In FIGURE 8 is shown the imposing of this tertiary 



3,302,720 
15 

wave upon the secondary and primary waves any time 
when the basic or primary has resumed its original pres 
sure, the resultant wave of these three component waves 
thus reached a maximum peak. 

In FIGURE 9 is shown a similar condition with a 
tertiary wave 1388 combined with each of the reductions 
1382 of the primary wave at the beginning of the 
reductions. 

Indicated in the graph of FIGURE 10 is the resultant 
curve indicating the character of the resultant pulsation 
wave obtained by combining the three pulsations desig 
nated by the curves 1380, 1384 and 1388 of FIGURE 8. 
From this graph it will be apparent that a normal peak 
pressure indicated at 1392 is maintained, this pressure 
being ?uctuated by the depressions between the peaks, 
together with a pressure reduction portion indicated at 
1394, which in itself is of a ?uctuating nature and which 
gradually retracts the normal pressure peak 1396 of the 
same value as the pressure peaks 1392. At this point, 
the ram effecting valve is opened producing a pressure 
drop as at 1398 and upon closure of the ram valve at 
1400, the inertia of a moving column produces the pres 
sure extremes ‘at 1402 and 1404. ' 
When this type of pulsation is applied to treating an oil 

strata as set forth hereinbefore, it will be apparent that 
the peaks 1392 maintain a pressure against the oil strata 
face which is in excess of the internal pressure of the 
same, thereby raising the internal pressure in the capil 
lary formation. Since this pressure is pulsating, how 
ever, a surging or movement of the ?uids within the 
capillary formation will be effected, tending to remove 
and loosen oil deposits and other material therein. 
When the reduced portion 1394 of the graph is ap~ 
proached, the corresponding pressure drop of the pres 
sure medium upon the face of the formation will cause 
the external pressure to be lower than the internal pres 
sure, thereby resulting in an outward bursting or frac 
turing of the outer sills or pores of the formation. It 
will be observed that this reduced pressure is also pul 
sating, thereby continuing the above described surging 
action of the medium and the material within the forma 
tion and tending to withdraw and remove the disrupted 
or fractured positions therefrom. A vastly greater ham 
mer blow is then applied by the pressure variations of 
1402 and 1404, producing a major shattering effect upon 
the formation. 

In FIGURE 11 there is disclosed a modi?ed curve 
1406 which is similar to the curve 1390 of FIGURE 10 
and represents the resultant curve and characterizes the 
resultant high frequency pressure wave of the medium 
which is obtained by combining the basic pressure curve 
1380 with its two or more successive pressure drops 1382, 
with the secondary pressure waves 1384 and a tertiary 
wave 1388. 
The features of the curve 1406 are similar to those of 

the curve 1390 except that two or more successive pres 
sure reductions are sequentially effected at the base of a 
formation, each of these pressure reductions being ac 
companied by the tremendous pressure impacts of the 
tertiary curves while continuing the pulsations of the sec 
ondary pressure waves. The operation of this form of 
'wave, illustrated by this curve, will be readily apparent 
from the foregoing description. 

It is of extreme importance to note that in the method 
as disclosed hereinbefore, a pressure medium such as a 
liquid can be given a basic or primary pulsation to cause 
the same to apply a predetermined but readily variable 
initial loading action upon a material, may be further 
given secondary wave impulses of a predetermined pat 
tern to e?‘ect turbulence in the conveying medium and 
agitation upon the material being treated, and finally 
may be hammer blows of relatively enormous magnitude 
with a relatively low rate of power input by virtue of 
the hammer effects obtained. The vibration exciting ele 
ments, in the form of pistons and valves may obviously 
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be very exactly controlled and offer an extremely satis 
factory means for producing precisely timed impulses 
of a predetermined character. In contrast with usual 
methods for producing high frequency vibrations, the 
valve and piston means of this invention enable me to 
utilize and impart to the medium forces of substantially 
any desired magnitude as contrasted with vibration pro 
ducing means of very limited power input such as vi 
brating wires or the like. 
The foregoing methods of wave generation and propa 

gation as set forth hereinbefore in this section are those 
disclosed in my prior copending applications, Serial Nos. 
241,647, now US. Patent 2,796,129; 296,038, now US. 
Patent 2,866,509; and 491,715, now abandoned. Subse~ 
quent to the filing of these prior applications, extensive 
tests, research and experimentation has been made, as 
a result of which the disclosure of my prior above men 
tioned applications has been proved accurate, and this 
prior disclosure is ampli?ed in detail and further de 
veloped as set forth hereinafter. 
By applying suf?cient acceleration to a reciprocating 

piston moving against a con?ned ?uid column, a sonic 
wave comprising a high frequency energy carrying wave 
is produced in the ?uid column as explained in detail in 
my copending application, Serial No. 296,038, now US. 
Patent 2,866,509. As used therein and in this speci?ca 
tion and claims, the term “high frequency” identi?es fre 
quencies of vibration ranging upward from 15 per sec 
ond, although in exceptional circumstances they may 
range from one per second. Although the physical struc 
ture of the apparatuses disclosed herein differ from that 
set forth in the last-mentioned copending application, the 
principle of operation, as regards the production of a 
sonic wave, is basically the same. 

Brie?y, each outward stroke of the piston against the 
?uid column produces a compression therein, and upon 
the inward or return stroke, the velocity and/or accelera 
tion of the piston is such as to cause the same to leave 
or separate from the ?uid column thereby producing a 
rarefaction therein. The series of alternate compressions 
and rarefactions thus produced constitute and/or pro 
duce an energy transmitting sonic wave in the ?uid 
medium. 

Use is made of the rarefaction condition to secure an 
introduction into the ?uid column of additional ?uid. In 
the form of apparatus disclosed in FIGURE 1 herein, 
the operating pistons of the wave generator may have 
a spring-loaded valve in the heads thereof so disposed 
that the valve on the piston return stroke tends to be 
opened by its own inertia and tends to remain with the 
?uid column with which it is in contact on the outstroke 
of these pistons, so that on the return stroke of the pis 
tons the inertia of the additional ?uid taken into the in 
terior of the pistons will pass through the opened valve 
and into the rarefaction zone immediately adjacent the 
piston head. 

Consequently, when the piston has substantially com 
pleted its return movement, this additional ?uid intro 
duced between the piston and its valve and the ?uid 
column is compressed into the ?uid column, the addi 
tional or introduced?uid thereby resulting in and pro 
ducing an increase in pressure in the ?uid column with 
a resultant augmenting of the energy content of the con 
densation portion of the sonic wave and therefore of the 
energy content of the sonic wave propagating outward 
from the generator, and in the case of a standing wave 
resonating in the ?uid column. 
The pistons and/or valves of the apparatus hereinbe 

fore described may be operated so as to produce cavita 
tion or a cavitating effect in the medium in which a wave 
is being generated and at the generator. 
The term “cavitation” as employed in connection with 

this invention designates the production of a succession 
of regions of rarefaction in a ?uid each immediately adja 
cent a zone of compression of the ?uid, and effecting this 
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rarefaction by a displacement of the ?uid from the re 
gion of rarefaction faster than the ?uid can ?ow into the 
region of rarefaction. 

There results a “cavitational” effect or release of energy, 
from a wave cycle or group of wave cycles where a lead 
or lag at the moment of greatest rarefaction causes a 
rare?ed zone of intense low pressure, compared to the 
rarefaction portion of the wave cycle or group of wave 
cycles it modulates. 
Immediately following this intense low pressure por 

tion of a wave cycle or group of wave cycles, the conden 
sation portion of the Wave has an impactual increase of 
amplitude substantially proportionate to the intensity of 
amplitude of the prior cavitational low pressure portion 
of the modulated wave. 

Further, after the creating and/ or augmentation of and 
maintaining of a sonic standing Wave in a fluid column as 
set forth hereinbefore, and at a point beyond the creation 
of and augmentation of the sonic wave by means of the 
introducing of additional ?uid into the ?uid medium of 
the ?uid column, in accordance with a well known basic 
principle of wave mechanics, the Withdrawal of fluid and 
energy from the ?uid column at the rarefaction portion of 
the sonic wave results in increasing or greatly augmenting 
the energy content of that wave cycle from which energy 
was withdrawn, this being shown in FIGURE 12. 
The graph of FIGURE 12 shows by the dotted line 

curve 1468 a normal or regular wave. The full line curve 
146?. indicates the resultant wave when energy is added 
thereto during a particular portion of the normal wave. 
Thus at 1464 and 1466 are shown the peaks of the com 
pression and rarefaction phases of the normal Wave 1460 
while at 1468 and 1470 are shown the compression and 
rarefaction peaks of the augmented portion of the aug 
mented wave 1462. It will be observed that the frequen 
cies of the normal and augmented waves are unaltered with 
the augmented peaks of compression and rarefaction of 
the augmented wave occurring at the same time intervals 
1472‘ and 1474 as the corresponding peaks of the normal 
wave, the differences being only those of amplitude. 

Also, referring to FIGURES 13 and 14, if the energy 
withdrawn from the rarefaction portion of the sonic wave 
is removed before or after the moment of greatest rarefac 
tion, there results a corresponding shifting of phase of the 
wave cycle or group of wave cycles in which and during 
which this energy is withdrawn, with respect to the phase 
of the other wave cycles from which there is no withdrawal 
of energy. Moreover, as the place of withdrawal of 
energy is removed further from the place of greatest 
rarefaction in the cycle of a wave, up to a point 90° from 
the moment of greatest rarefaction, the phase shifting of 
that cycle or group of cycles is proportionate thereto, al 
though the intensity of the said wave cycle or group of 
wave cycles is diminished with the increase of the phase 
shift thereof. 
When the phase shift due to the withdrawal of energy 

is caused to occur after the moment of greatest rarefaction, 
there is produced a lagging or pulling effect by the wave 
cycle or group of wave cycles which effect increases in 
intensity up to a maximum of 90° after the moment of 
greatest rarefaction although there also results some 
diminutionof the energy content of the thus modulated 
wave cycle or group of wave cycles. 
The graphs of FIGURES l3 and 14 are similar to those 

of FIGURE 12 but illustrate the effects of causing a lead 
ing shift and the lagging shift respectively of a wave by 
augmenting a wave through introduction of energy into 
a compression phase (or, its equivalent, a withdrawal of 
energy during the rarefaction phase, or both) with a phase 
timing which leads or lags the phase timing of the normal 
wave. In each ?gure the normal wave 146% has its com 
pression and rarefaction peaks 1464 and 1466 at the time 
intervals 1472 and 1474 respectively. 

In FIGURE 13, however, the augmented leading wave 
1476 has its augmented compression peak 1478 and rare 
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faction peak 14% occurring at the time intervals 1482 
and 1484 respectively. As will be seen, the peaks of the 
augmented wave are thus shifted or phase displaced to 
lead the peaks of the normal WZIVEL However, this dis 
placement or shift in phase exists only in those wave cycles 
during which the augmentation of the wave was effected. 

In FIGURE 14, the reverse condition is caused, with 
the augmentation and phase shifting effecting a lagging of 
the normal Wave 1460 by the augmented wave 148-6. 
Here, the augmented compression peak 1438 and rarefac 
tion peak 149%) are phase displaced rearwardly, relative 
to the normal wave as shown by the time intervals 1492 
and 1494. 
The above set forth principle of producing a lagging 

effect in the phase relation of certain cycles of an energy 
carrying wave can be advantageously employed in the 
treatment of cellular or porous structures such as those 
of the productive strata in oil bearing formations. Pro 
ductive oil or gas in this particular type of use, the lagging 
or pulling effect of an energy carrying wave in formations 
having strata of varying permeability (as in petroliferous 
formations with strata of relatively greater and lesser per 
meabilities), the strata of less permeability can be more 
effectively disrupted and disintegrated and fractured than 
those strata of greater permeability, by an increase in the 
lagging or pulling effect previously mentioned. I have 
conclusively demonstrated by actual test that the most 
effective disrupting, disintegrating and fracturing of all 
types of permeable formations is obtained by this lagging 
or pulling effect. 
While the reasons for this effect are not conclusively 

known, it appears from the positive data of numerous tests 
that a tenable explanation for this phenomenon may be 
as follows. When the pressure upon the exterior face of 
a strata is lowered (as during a rarefaction period in the 
cycles of an energy transmitting wave) below the internal 
pressure of the strata, the latter tends to force the ?uids 
existing in the interstices of the strata out through the 
face thereof with a force which is proportioned to the 
difference of the internal pressure and the depressed or 
lowered external pressure. Due to the restricted areas of 
the capillary passages and intersticial pore spaces of the 
formation there is a resistance to such ?ow of the ?uids. 
Obviously, in less permeable strata the resistance is con 
siderably higher than in the more permeable strata, and 
this resistance may be such that where the internal pres 
sures are insufficient to force the ?uids therefrom, they 
may be effective to disrupt, fracture or shatter the outer 
most layers of the cellular structure of the formation. 
Therefore, since the lagging effect as previously mentioned 
and as shown in FIGURE 14 results in an extension of 
the period during which the pressure reduction is main 
tained, that is, a lengthening of the time interval between 
the normal compression phase and the next adjacent aug 
mented rarefaction phase by the time between the time in 
tervals 1474 and 1494 on FIGURE 14, there is the maxi- I 
mum tendency and opportunity for the internal pressures 
to produce this disrupted effect. 

It has been conclusively demonstrated that the above 
mentioned lagging effect of a sonic wave applied to a 
permeable formation is also extremely effective for re 
moving material adhering to the exterior face of the for 
rnation such as mud cake or the like; and cleansing the 
intersticial spaces and pores of the formation at the base 
of foreign matter such as broken particles of the forma 
tion embedded therein, mud or ?ltered cake compacted 
therein, paraffin, asphaltic or other gummy deposits, 'basic 
sediment and the like. It is believed that the previously 
advanced theory in explanation of observed facts apply 
equally to this use, as do the advantages of variations and 
increase in the phase displacement during the lagging effect 
up to 90° from the point of maximum rarefaction. 

Regardless of the explanations or reasons for the ability 
of a sonic wave with a phase displacement resulting in a 
lagging effect for cleaning the pores and face of a forma 
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tion and removing foreign matter therefrom, it has been 
conclusively demonstrated by the use of fins apparatus 
that this property is de?nitely a charactenstic actual func 
tion of such a Wave. _ _ 

Advantages arising from this unanticipated and hereto 
fore unknown property of a lagging effect or a retarded 
phase shift of an energy carrying wave are that hereto 
fore employed tedious, expensive and time-consuming op 
erations for cleansing a formation and its interstic1al and 
pore spaces for various reasons may be eliminated and the 
desired result obtained more effectively, more quickly and 
more economically by this method. 

In carrying out this aspect of the lagging effect or 
phase retarding of a sonic wave, it should be noted that 
it is also possible to advantageously employ two separate 
wave generators coupled together and each operatively 
connected to the face of a formation and/or the bottom 
of a well bore. In such assembly, one generator will func 
tion as a means for circulating the pressure ?uid, and 
producing an energy carrying wave; while the other gen 
erator is employed as a means for producing an energy 
carrying wave having predetermined characteristics, and 
having the aforesaid phase displacement or lagging effect 
in its energy carrying wave. 

For this purpose and method, optimum results are ob 
tained by having one of the wave generators attached to 
tubing going to approximately the bottom of the well bore, 
the other generator being attached to the well casing or 
a separate string of tubing in like manner, the generators 
being in a different phase so that a simultaneous or re 
sultant wave can be obtained at the junction of the two 
separate waves adjacent the face of the formation. In 
this manner, an open formation that has mud cake or 
cementitious particles thereon or one where the casing ex 
tends through the formation and is cemented therein and 
has been perforated so that the perforating jets or bullets 
have compacted the surface of the perforations in the for 
mation, such perforations and formation can be cleaned 
of the substances and the formation disrupted, disinte 
grated or fractured, and the material cleansed therefrom 
be removed by a circulation caused by one wave genera~ 
tor, with the other generator imparting a lagging or pull 
ing effect to facilitate the removal of such substance. 
When the phase shift in an energy transmitting sonic 

wave which is caused by the withdrawal of energy is 
timed to occur before the moment of greatest rarefac 
tion, then a leading or pushing effect is occasioned in that 
Wave cycle or group of wave cycles, this effect increasing 
up to 90° after the moment of greatest rarefaction is 
approached, and there results a diminution of the energy 
content of that cycle in the same manner as for the pro 
duction of a lagging effect. This leading effect and its 
phase relation to the cycles of a sonic wave for a 45° lead 
has been illustrated in FIGURE 13. 
At this point it should be observed from a comparison 

of FIGURES l3 and 14 with FIGURE 12 that a 45° 
lead serves to displace the time or period of maximum or 
peak pressure of a wave cycle 45° forward in the travel 
of the wave, as seen from a comparison of 1472 and 1482 
in FIGURE 13, while as shown in FIGURE 14, a lag of 
45° serves to displace this maximum peak pressure 45° 
rearward of the travel of a wave, as shown by a compari 
son of 1492 and 1472 therein. It will be further noted 
that upon cessation of the phase displacing pulsative effect, 
the wave resumes its rhythmic cycles and phase relation 
ship which existed prior to such displacement. Therefore, 
in the cycle in which the displacement exists, there is a 
change in the wave length of that cycle with respect to 
the adjacent unaffected cycle, this wave length being 
lengthened in a case of a leading effect and being reduced 
in a case of a lagging effect. The result of this displace 
ment is to vary the time between the peak pressure of 
an unaffected cycle and the subsequent peak pressure of 
an affected cycle, the time being increased for a leading 
effect and decreased for a lagging effect. 

15 

20 

25 

30 

40 

60 

65 

70 

75 

29 
The treatment of a formation by a pair of wave gen‘ 

erators, one applying a leading effect and the other apply 
ing a lagging effect, in alternation, has produced extreme 
ly bene?cial results. The effect of the generator‘havmg a 
lead in a cycle or number of cycles of a wave 15 to pro 
duce an increased impact upon the face of a formation 
With a greater penetrating effect into the formation with 
a raise of the internal pressure thereof. When this 15 
followed by a wave cycle or group of cycles havmg a 
lagging effect, the resultant increasing of the depresSlOn 
or rarefaction of the wave at the face of the formation and 
at the exterior thereof, when combined with the previous 
pressurizing effect obtains a greatly increased pressure dif 
ferential between the interior and exterior of the forma 
tion and thus secures an optimum disrupting or fracturing 
effect thereon. This also greatly facilitates the removal 
of material particles as well as ?uids from the interior 
of the formation. _ 

After this treatment has been continued for some time, 
with ?uid going into the formation, both wave generators 
may then be adjusted and synchronized or phased to 
gether to produce a lagging or pulling effect which will 
thus be of an increased amplitude. When the formation 
becomes more open, as indicated by an increase of ?uid 
input and/or output, circulation of ?uid for cleaning out 
the pores and intersticial spaces of the formation as de 
scribed hereinbefore may be e?icaciously employed. 
When the face of the formation and well bore have 

been sufficiently cleaned by the preceding operation, the 
return to a medium extent of lag of both of the wave gen 
erators with ?uid being introduced into both and dis 
charged therefrom into the ?uid column contacting the 
formation is continued, this energy input into the forma 
tion at a fairly low pressure being maintained for an 
hour or more. After it is estimated that the intersticial 
pores of theformation have been charged or pressurized 
with ?uid sufficiently to act as pres-sure chambers, the 
natural cementing materials bonding the sand grains to 
gether acting as check valves to effect the accumulated 
build-up in these chambers of the sonic wave impulses, 
the average wave pressure is then adjusted to approximate 
ly half that of conventional formation fracturing methods 
and is continued until a substantially complete fracturing 
of the formation results, each pore in the formation seem 
ing to assist in the fracturing operation by its accumu 
lated energy. Usually this ?nal stage of the operation is 
completed in a very short time. ' 

When sufficient formation thickness exists, a packer 
may be used in a well bore to divide the formation, 
enabling the use of two wave generators as above, each 
wave generator being operatively connected to one of the 
two divided sections. For this situation a slightly dif 
ferent method of operation, among numerous possible 
methods, may be employed. The formation and/or 
perforations are cleaned as set forth hereinb‘efore, and 
the sonic energy is applied as before to produ‘ee a build 
up in the pressure accumulated within the formation, then 
circulation is started and continued into the" formation 
at one side of the packer, through the formation and 
around the packer and out the other side thereof into the 
well bore. 

During this circulation, the two wave generators main 
tain high frequency sonic Waves in the circulating medium 
with the ?uid input generator increasing the pressure 
on the ?uid and preferably applying a leading effect to 
the wave produced thereby. The other wave generator 
is timed with a heavy lag and with no ?uid input. When 
the fracture occurs, the accumulated sonic energy with 
which the formation has been charged is released is 
pushed through the generator with no liquid input and 
with the heavy lag, and if the operation continues, the 
disintegrated material from the formation can be drawn 
from the formation and well bore to the surface through 
the generator having the lag. 

In one well treating operation performed with this 
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machine, where a water ?ood had been in operation for 
some years, the above method of dividing a formation 
by a packer in the well bore was employed. When the 
formation fractured, the release of formation pressure 
back through the wave generator which was not in 
putting ?uid 'but was pulling on the formation with a 
heavy lag, at the surface, was two times the original 
bottom pressure of the formation when wells were ?rst 
drilled thereinto, Meanwhile, the heavy lag of this gen 
erator was continued and several barrels of disintegrated 
formation and other foreign matter were brought to 
the surface and this high pressure continued over half 
an hour. 

During this period considerable pressure ?uctuation 
ensued, seemingly from new sections of formations suc 
cessively ruptured by the internal pressure and con 
siderable amounts of shale sediments came up with the 
formation, evidently from the thin shale laminations in 
the formation. At times, disintegration was so com 
plete, that the disintegrated material of the formation 
coming up in the ?uid composed half of the discharge 
from the well bore. 

In the treatment of well bores and productive forma~ 
tions, the previously described leading effect of a wave 
generator seems best for rapidly driving oil to a produc 
tion well from a water input well, especially when the 
producing strata is relatively uniform in permeability, 
and is most effective in spearheading into formations 
relatively plugged with foreign material or those of very 
low permeability, in order to introduce ?uid by the sonic 
generator into the formation to act as a transducer to 
carry the wave and vibrations thereinto. 
The withdrawal of energy from the moment of great 

est rarefaction in the cycle or group of cycles of the wave 
and the intensifying of the wave thereby seems best 
useful in formation fracturing of well bores where rela 
tively low permeability is encountered near the well bore, 
but where adjacent the well bore and out in the forma 
tion therefrom areas of greater permeability exist. For 
this condition, the vibrations of the regular wave from 
the generator resonate out into the formation and the 
heavy intense shocks introduced into the wave are con 
ducive to fracturing the formation so that access can be 
had thereinto by the ?uid to permeate areas in the for 
mation whereby other treatments such as described here 
inbefore can then be effectively given. These intense 
shocks can, of course, be produced in any suitable man~ 
ner as by secondary generators as previously mentioned. 

It is obvious that these apparatuses and the energy 
waves produced thereby can be bene?cially employed in 
numerous uses of industry where pressure with vibrations 
and heavy shocks would be advantageous in contrast to 
the application of a steady pressure, however great. It 
has been demonstrated that a relatively lower pressure 
but with ?uctuating peaks is more effective as a compress 
ing or a propelling agent than is a higher pressure main 
tained at static level. 

In the use of this effect in well formation fracturing 
as well as other uses, this low pressure zone will arrive 
at the area work is to be performed either before or after 
the intense high pressure shock of the condensation por 
tion of the wave cycle or group of wave cycles, depending 
upon the manner in which the cavitational effect is pro 
duced. In the apparatus of FIGURE 1, the high pres 
sure zone preceded the low pressure zone, whereas in 
the other form of apparatus disclosed in this application, 
the low pressure zone preceded the arrival of the high 
pressure zone. 

'Where the latter sequence occurs, as employed in the 
treatment of permeable substances such as productive 
strata of oil or gas formations, these low pressure in 
tense zones followed by the severe intense shocks of the 
high pressure zones not only inpacts at the face of the 
formation ‘but follows the carrier wave or standing wave 
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resonating into the formation and causes disruption of 
the formation or ejection of the same ‘back into the well 
bore; or effects lifting of the overburden; and with the use 
of sand, either from the disintegrated formation or added 
to the ?uid going into the well bore, causes an effective 
grooving or scouring within the interstices of the forma 
tion or the fractures produced therein to form or enlarge 
access channels for production of the formation into the 
well bore. The above method of scouring or eroding 
channels in a productive formation has been observed to 
happen to portions of a formation subjected to the oper 
ation of this apparatus. 
What is claimed as new is as follows: 
1. A method of recovering oil from an oil bearing 

strata penetrated by a well bore which includes the step 
of applying ?uid pressure to the interior of the well bore 
upon the face of the strata, alternately varying the pres 
sure of the applied ?uid above and below the internal 
pressure of the strata immediately adjacent said face to 
cause thereby fracture and rupture of said face from 
the internal pressure of the strata. 

2. The method of claim 1 wherein the step of applying 
?uid pressure is effected by introducing a lique?able gas 
under pressure into the strata. 

3. That method of recovering oil from an oil bearing 
formation penetrated by a well bore which comprises 
applying a ?uid under pressure into the well bore, apply 
ing alternate relatively high and low pressure pulsations 
upon the ?uid and through the ?uid to the face of the 
formation exposed in the Well bore and thereby causing 
fracturing of said face, continuing the application of 
pressure pulsations until the face of the formation has 
been undercut with respect to the well bore, collecting and 
removing oil released from the fractured formation. 

4. The method of increasing productivity of oil from 
an oil bearing formation which comprises undercutting 
the formation contiguous to a Well bore, applying a pres 
sure ?uid under a predetermined minimum pressure to 
cause vertical displacement of the formation above the 
undercut portion with resultant horizontal fractures in 
the raised formation, applying pulsating pressure waves 
to the pressure ?uid to cause fracturing of the raised 
formation and extension of the horizontal fractures while 
maintaining the raised formation in its vertically disposed 
position. 

5. The method of claim 4 including the step of apply 
ing gravel into the undercut portion while maintaining 
the raised portion in its lifted position. 

6. The method of increasing productivity of oil from 
an oil bearing formation which comprises undercutting 
the formation contiguous to a well bore, applying a pres 
sure ?uid under a predetermined minimum pressure to 
cause vertical displacement of the formation above the 
undercut portion with resultant horizontal fractures in 
the raised formation, applying pulsating pressure waves to 
the pressure ?uid to cause fracturing of the raised forma 
tion and extension of the horizontal fractures while main 
taining the raised formation in its vertically disposed posi 
tion including the step of applying gravel in the undercut 
portion of the strata rearwardly of the cutting device. 

7. A method of undercutting a permeable formation 
penetrated by a ‘well bore at a selected level therein com 
prising applying a pressure medium to a selected portion 
of a face of the formation, applying pressure pulsations 
to said medium and thereby producing fluctuating pres 
sure differences ibetween the interior and exterior of the 
formation at said portion of said face to thereby fracture 
and rupture said portion. 

8. The method of claim 7 including the step of im 
posing on said pressure medium an additional high fre 
quency energy bearing wave to thereby modify said pres 
sure pulsations, said energy bearing wave being applied 
to said pressure medium with a different phase relation 
ship to that of the pressure pulsations. 

9. The method of claim 7 including the step of im 
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posing on said pressure medium an additional high fre 
quency energy bearing wave to thereby modify said pres 
sure pulsations. 

10. The method of claim 9 wherein said added high 
frequency wave is of the same frequency as that of the 
pressure pulsations of the pressure medium. 

11. The method of claim 9 wherein the additional 
high frequency energy wave is applied at spaced time in 
tervals to said pressure medium. 

12. A method of disrupting permeable formations 
which comprises introducing a lique?able gas under a 
greater pressure than that existing in the formation alter 
nately applying ?uid pressure alternately to vaporize and 
liquefy said injected gas, thereby to assist in rupturing the 
formation by the successive expansion and contractions 
of the introduced gas. 

13. The method of claim 9 wherein the energy carry 
ing wave is periodic. 

14. In a process for hydraulically fracturing a sub 
terranean formation penetrated by a well bore wherein a 
fracturing liquid is pumped down the well bore and 
forced against the face of said formation under con 
tinuous and gradually increasing pressure until the pres 
sure of said liquid against said face exceeds the break 
down pressure of said formation and causes said forma 
tion to fracture, and the said pumping is thereafter con 
tinued to force said fracturing liquid against the face of 
the formation and into the fractures so formed to extend 
the length of said fractures, the improvement which con 
sists in applying to the top of the column of fracturing 
liquid in the well bore a cyclically varying pressure the 
amplitude and frequency of which are controlled inde 
pendently of the pumping pressure, said cyclically vary 
ing pressure being applied to said fracturing liquid while 
continuing the pumping of said fracturing liquid against 
the face of said formation and said cyclically varying 
pressure being transmitted through the said column of 
liquid and applied to the said face of said formation as a 
cyclically varying pressure superimposed on said pumping 
pressure. 

15. A process according to claim 14 wherein said 
cyclically varying pressure is applied only until the initial 
fracturing of the formation occurs. 

16. A process according to claim 14 wherein said 
cyclically varying pressure is applied only subsequent to 
the initial fracturing of the formation and during the 
time when the said fracturing liquid is forced into the 
fractures to extend the length of the same. 

17. A process according to claim 14 wherein the said 
cyclically varying pressure is applied prior to the initial 
fracturing of the formation and subsequent thereto during 
the time when the fracturing liquid is forced into the 
fractures to extend the length of the same. 

18. A process according to claim 14 wherein the said 
fracturing liquid is pumped down the well bore through 
a well tubing string, and the annulus between said tubing 
string and the walls of the well bore is ?lled with a liquid 
to a height substantially above the location of said for 
mation. 

19. A process according to claim 14 wherein said 
cyclically varying pressure has a frequency ranging up 
ward from one per second. 

20. A process for hydraulically fracturing a petrolifer 
ous subterranean formation penetrated by a well bore 
wherein a liquid is pumped down said well bore and 
forced under pressure against the face of said formation, 
separately applying a cyclically varying pressure of rela 
tively high and low pressure pulsations upon said liquid, 
the amplitude and frequency of which is controlled inde 
pendently of the liquid pumping pressure and which is 
sufficient to overcome the breakdown pressure of said 
formation and thereby cause fracturing of said formation, 
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continuing the application of said liquid pressure until 
the face of said formation has been undercut with re 
spect to said well bore and collecting and removing oil 
from said well bore released from said fractured for 
mation. 

21. In a process for hydraulically fracturing a sub 
terranean formation penetrated by a well bore wherein a 
fracturing liquid is pumped down the well bore and 
forced against the face of said formation under continu 
ous and gradually increasing pressure until the pressure 
of said liquid against said face exceeds the breakdown 
pressure of said formation and causes said formation to 
fracture, and said pumping is thereafter continued to 
force said fracturing liquid against the face of said 
formation and into the fractures so formed to extend the 
the length of said fractures, the improvement of which 
consists in applying to the fracturing liquid in the well 
bore a cyclically varying pressure the amplitude and 
frequency of which are controlled independently of the 
pumping pressure, said cyclically varying pressure being 
applied to said fracturing liquid while continuing the 
pumping of said fracturing liquid against the face of said 
formation and said cyclically varying pressure being 
transmitted through said column of liquid and applied to 
the said face of said formation as a cyclically varying 
pressure superimposed on said pumping pressure. 

22. A process according to claim 21 wherein said 
cyclically varying pressure is applied only until the initial 
fracturing of said formation occurs. 

23. A process according to claim 21 wherein said 
cyclically varying pressure is applied only subsequent to 
the initial fracturing of the formation and during the time 
when the said fracturing liquid is forced into the frac 
tures to extend the length of the same. 

24. A process according to claim 21 wherein the said 
cyclically varying pressure is applied prior to the initial 
fracturing of the formation and subsequent thereto dur 
ing the time when the fracturing liquid is forced into the 
fractures to extend the length of the same. 

25. A process according to claim 21 wherein the said 
fracturing liquid is pumped down the well bore through 
a well tubing string and the annulus between said tubing 
string and the walls of said well bore is ?lled with a liquid 
to a height substantially above the location of said 
formation. 

26. A process according to claim 21 wherein said 
cyclically varying pressure has a frequency ranging up 
ward from one per second. 
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